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Abstract 

Introduction — Skeletal  muscle  ischemia  reperfusion  injury  (I-R)  is  a  complex  injury  process  that 
includes  damage  to  the  sarcolemmal  membrane,  contributing  to  necrosis  and  apoptosis.  MG53,  a 
muscle-specific  TRIM  family  protein,  has  been  shown  to  be  essential  for  regulating  membrane 
repair  and  has  been  shown  to  be  protective  against  cardiac  I-R  and  various  forms  of  skeletal 
muscle  injury.  The  purpose  of  this  study  was  to  determine  if  recombinant  human  MG53  (rhMG53) 
administration  offered  protection  against  I-R. 

Methods— rhMG53  was  administered  to  rats  immediately  before  tourniquet-induced  ischemia 
and  again  immediately  before  reperfusion.  Two  days  later  muscle  damage  was  assessed 
histologically. 

Results — rhMG53  offered  no  protective  effect,  as  evidenced  primarily  by  similar  Evans  blue  dye 
inclusion  in  the  muscles  of  rats  administered  rhMG53  or  saline. 

Discussion — Administration  of  rhMG53  does  not  offer  protection  against  I-R  in  rat  skeletal 
muscle.  Additional  studies  are  required  to  determine  if  the  lack  of  a  response  is  species-specific. 
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Introduction 

Skeletal  muscle  disease1  and  trauma2  can  involve  tissue  ischemia  and  reperfusion  injury  (I- 
R),  potentially  leading  to  permanent  loss  of  limb  function,  amputation,  or  even  death.  I-R  is 
a  complex  injury  that  results  in  vascular,  neural,  and  muscular  damage.3  In  myofibers,  free 
radicals  generated  during  I-R  promote  membrane  damage,4  inciting  a  cascade  of  events  that 
can  lead  to  necrosis  and  apoptosis.1  As  such,  increasing  the  antioxidant  capacity  of  skeletal 
muscle  prior  to  I-R  injury  is  effective  at  mitigating  tissue  damage.5  However,  with  trauma  it 
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may  not  be  feasible  to  combat  initial  free  radical  production,  raising  the  need  to  identify 
effective  therapies  directed  at  enhancing  membrane  repair.6 

Recently,  Cai  et  al.1  identified  mitsugumin  53  (MG53  or  TRIM72),  a  muscle-specific  TRIM 
family  protein  which  is  essential  in  regulating  membrane  repair  in  coordination  with 
dysferlin.7-8  This  is  further  illustrated  by  the  progressive  muscle  weakness  and  defective 
muscle  repair  after  exercise  or  injury  in  MG53  knock-out  mice.9  Interestingly,  delivery  of 
recombinant  human  MG53  (rhMG53)  to  mechanically  injured  C2C12  myotubes  in  vitro 
enhanced  cell  membrane  repair. 10  Moreover,  rhMG53  delivery  to  mdx  and  wild-type  mice 
improved  the  capacity  to  repair  membranes  damaged  by  eccentric  contractions  or 
cardiotoxin. 1 110  Based  on  these  observations,  we  hypothesized  that  delivery  of  rhMG53 
would  ameliorate  skeletal  muscle  damage  secondary  to  I-R  injury. 


Methods 

Adult  male  Sprague-Dawley  rats  (403  ±15  g)  were  divided  into  2  groups  (n=7  per  group): 
1)  MG53-treated  (MG53);  and  2)  saline -treated  controls  (Saline).  Both  groups  underwent  3 
hr  of  pneumatic  tourniquet  (TK)  induced  I-R.6  Lyophilized  rhMG53  (TRIM-edicine,  Inc.) 
was  dissolved  in  sterile  saline  (2  mg/ml)  and  administered  via  tail  vein  injection  (6  mg/kg 
body  wt)  5  min  prior  to  TK  inflation  and  5  min  prior  to  removal.  Two  days  after  injury, 
lower  leg  tissues  were  harvested.  Frozen  tibialis  anterior  (TA)  muscle  sections  stained  with 
H&E  were  scored13,14  by  a  certified  veterinary  pathologist  blind  to  the  treatment,  and  the 
prevalence  of  damaged  fibers  was  quantitated  from  10  lOx  images  from  each  muscle. 
Approximately  800  fibers  were  counted  per  muscle.12  Muscle  fiber  cell  membrane  integrity 
was  determined  histologically  in  TA  muscles  by  microscopic  visualization  of  Evans  blue 
dye  (EBD;  1%  w/v;  i.p.  24  hr  before  injury)  inclusion  within  damaged  cells.7  The  area 
fraction  of  EBD  was  calculated  in  8  lOx  images  from  each  muscle.  Gastrocnemius  muscles 
were  weighed  before  and  after  drying  at  ~50°C  for  7  days,  and  the  wet  to  dry  weight  ratio 
served  as  an  index  of  edema.  To  ensure  that  the  batch  of  rhMG53  protein  had  not  degraded, 
a  30pg  protein  sample  was  separated  using  SDS-PAGE,  transferred  to  a  nitrocellulose 
membrane,  and  stained  with  Ponceau.  Additionally,  rhMG53-pretreated  (0.2  mg/mL;  10) 
C2C12  myotubes  were  exposed  to  300pM  H2O2  for  18  hours  and  then  re -incubated  in 
rhMG53  and  assayed  for  viability  24  hours  later  using  an  XTT  Cell  Proliferation  Assay  Kit 
(ATCC).  Statistical  differences  between  groups  were  determined  using  independent  /-tests 
for  continuous  data  and  Mann-Whitney  U  tests  for  interval  data  (a<0.05). 


Results 

The  magnitude  of  sarcolemmal  damage,  as  evidenced  by  intracellular  EBD  inclusion,  was 
similar  between  Saline  and  rhMG53  treated  rats;  50.9+4.8  and  55.8+3.1%  of  the  total  fibers 
had  EBD  staining  (P=0.404),  respectively  (Fig.  1A-C).  In  a  separate  analysis,  43.2+6.9  and 
52.1+7.3%  of  the  fibers  counted  were  injured  in  H&E  sections  from  Saline  and  MG53 
groups  (P=0.425),  respectively  (Fig.  1D-F).  Pathologist  scoring  of  H&E  stained  sections 
(Suppl.  Fig.  1A-D)  also  revealed  no  difference  between  groups  in  the  extent  of  edema, 
degeneration,  necrosis,  or  inflammation.  Similar  levels  of  edema  occurred  in  both  groups  as 
indicated  by  an  identical  increase  of  46%  in  the  wet  weight  of  the  injured  TA  relative  to  its 
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contralateral  uninjured  muscle  (P  =  0.976).  rhMG53  was  not  degraded,  as  a  large  band  of 
protein  was  observed  at  approximately  53  kDa  (Suppl.  Fig.  IE).  In  vitro  C2C12  myotube 
viability  following  exposure  to  H2O2  was  improved  with  application  of  rhMG53  (Suppl. 

Fig.  IF). 

Discussion 

These  findings  do  not  support  the  hypothesis  that  administration  of  rhMG53  to  skeletal 
muscle  undergoing  I-R  attenuates  tissue  injury.  To  the  contrary,  all  indices  measured 
indicated  that  I-R  induced  equally  severe  muscle  injury  with  or  without  administration  of 
rhMG53,  although  it  did  improve  C2C12  myotube  viability  upon  H2O2  exposure  in  vitro 
(Suppl.  Fig.  1).  These  results  are  in  contrast  to  those  previously  reported,  which  indicated  a 

therapeutic  effect  of  rhMG53  in  cardiac  I-R13-14-10  ancj  ()|-|lcr  forms  Gf  skeletal  muscle  injury 
7  0  1  s  m 

in  mice. 

The  explanation  for  the  current  findings  is  not  obvious.  The  3-hour  ischemia  time  prior  to 
reperfusion  produces  severe  skeletal  muscle  injury,16’6’3  which  resulted  in  loss  of 
sarcolemmal  integrity  and  signs  of  fiber  injury  in  over  50%  of  the  TA  muscle  by  2  days 
post-injury  (Fig.  1).  The  possibility  exists  that  the  injury  severity  was  beyond  therapeutic 
benefit,  or  possibly  rat  muscle  contains  higher  intrinsic  protective  function  than  mouse 
muscle.  Clearly,  acute  administration  of  rhMG53  (8  mg/Kg;  i.m.)  attenuated  the  extent  of 
muscle  injury  out  to  7  days  after  cardiotoxin  injection  in  mice,  which  resulted  in 
sarcolemmal  damage  in  approximately  80%  of  muscle  fibers.10  The  dose  of  6  mg/Kg  used 
in  this  study  was  within  the  range  of  4-8  mg/Kg,  which  has  been  reported  to  have  positive 
results  with  intravenous  administration  in  vivo.10,15  Further,  it  is  unlikely  that  the  timing  of 
the  administration  of  rhMG53  was  responsible  for  the  disparate  findings,  as  the  dosing 
regimen  used  in  this  study  was  designed  to  provide  the  best  chance  of  showing  a  benefit. 
That  is,  peak  plasma  levels  of  rhMG53  occur  4  hr  after  intravenous  injection  and  fall  to  20% 
at  6  hr  post-injection;10  at  3  hr,  the  time  of  the  second  dose  of  MG53,  plasma  levels  would 
be  at  approximately  92%  of  peak.  This  strategy  maximized  exposure  to  rhMG53  during  the 
early  phase  of  reperfusion  -  the  time  associated  with  the  majority  of  I-R  associated  damage.1 

It  is  possible  that  additional  pretreatments  in  the  hours  or  days  preceding  the  injury  may  be 
required  to  induce  beneficial  effects,  but  this  would  be  irrelevant  for  most  clinical 
applications,  particularly  for  trauma.  Additionally,  intramuscular  injection  of  rhMG53  could 
be  explored  in  future  studies.  Finally,  studies  that  have  shown  protection  against  muscle 
injury  with  rhMG53  have  involved  mice10,15,  suggesting  the  possibility  of  species 
differences. 

Supplementary  Material 

Refer  to  Web  version  on  PubMed  Central  for  supplementary  material. 
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Figure  1. 

rhMG53  administration  does  not  attenuate  muscle  fiber  damage  following  I-R  injury  in  rats. 
A-C)  Cross-sections  of  the  TA  muscles  were  stained  with  wheat  germ  agglutinin  conjugated 
with  Alexa  fluor  488  (green).  Fibers  with  EBD  inclusion  fluoresce  red.  D-F)  TA  cross- 
sections  were  stained  with  H&E.  The  scale  bars  for  all  images  equal  100  qm. 
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